Introduction: The aim of this study was to perform a systematic review on the exercise trials post stroke. Material and Methods: Therefore, we conducted a systematic review of randomized controlled clinical trials published in PubMed and PEDro. The inclusion criteria were: Studies -randomized or controlled clinical trials; Participants -Adults of any age with a clinical diagnosis of stroke; Interventions -any aerobic physical training aimed at improving cardiovascular capacity and/or function. Two independent reviewers categorized the selected trials, assessed methodological quality and extracted the relevant data. Various protocols were analyzed and used for both the assessment and physical training of post-stroke subjects.
INtrODUctION
Stroke is the third most common cause of mortality in developed countries 1 and a leading cause of a permanent disability. 2 The long-term disability and institutionalization of stroke sufferers pose a substantial economic burden in many countries. 3 For this reason, it is necessary further effective rehabilitation programs to improve the recovery of functional status and quality of life of individuals who have suffered a stroke. 4 Several disabilities potentially follow stroke, including loss of motor, sensory and cognitive functions.
1 Hemiparesis is the main neurologic deficit, affecting an estimated 85% of acute stroke patients. 5 In most of these individuals, hemiparesis persists after 6 months of the onset, often resulting in impaired mobility and sedentary lifestyle. 5 Considering the motor sequelae, most studies have focused primarily on restoration of motor control and independence of the affected subject. However, the majority of post-stroke individuals also suffer from cardiac patology, 6 and have low exercise capacity as a consequence of immobility. The physical and functional benefits of stroke survivors' engagement in various types of physical activity are now well established. These benefits may include improved recovery, function and various aspects of fitness. As a result, group exercise classes are emerging as a valuable strategy to promote engagement in regular exercise. 8 Hill et al 9 have argued that one factor limiting the incorporation of aerobic exercise into rehabilitation programs is the difficulty in obtaining an exercise stress test from a stroke patient. Neurologic deficits in gait and balance after stroke often preclude exercise testing and training using traditional equipment such as treadmills and cycle ergometers. For this reason, adapted testing protocols and exercise training programs have been developed to evaluate the exercise tolerance e to promote physical benefits in patients after stroke.
Taking into account the range and effectiveness of different training and physical capacity evaluation protocols in the literature, we decided to analyze the literature in this area to survey the techniques and procedures applied in stroke rehabilitation.
MAtErIAL AND MEtHODs
A systematic literature review was conducted from August through January 2013, using the PubMed (a service of the U.S. National Library of Medicine and the National Institutes of Health) and PEDro (Physiotherapy Evidence Database) electronic databases. The PEDro has free access, facilitating the use by professionals, students and researchers in the area. It is available in five languages: English, Mandarin, French, German and Portuguese, and offers a simple version without technical terms to consumers of physiotherapy services. The findings included the articles that contained the key words: 'Stroke' [Mesh] AND 'Physical Training' AND 'Aerobic' .
During the search, the 1950 studies observed presented quite different and sometimes conflicting results, so we decided to narrow our scope to the articles that a) dealt with the evaluation protocols for post-stroke aerobic training; b) used randomized controlled trials; c) were published in English; d) were published in the last 10 years (01/2002 to 10/2012); e) used only humans as research subjects; f) and had keywords in the title and/or abstract. Additionally, studies which failed to adequately describe the characteristics of the evaluation or physical training were excluded. For the selection of articles, the compatibility between titles and abstracts of articles was independently analyzed by two researchers. Each researcher created a single list with a written justification for either inclusion or exclusion of articles, and the two lists were then compared and analyzed by a senior researcher who determined the potential relevance of the articles This was followed by the reading of the articles in full, and two researchers independently performed data extraction of information about authorship, country of origin, journal title, country of journal, year of publication, impact factor of journal, and methodology used for evaluation and physical training.
When we performed the first key word search in PubMed, we obtained a total of 1950 articles. This number fell to 165 when the 10 years of publication criteria was applied and to 145 when human-as-subjects requirement was addressed. After the criteria of randomized controlled trials and availability in English were applied the number of articles dropped to 46. Of these, 32 failed to meet the criteria of key words in the titles and abstracts. The remaining 14 articles fully met our inclusion criteria.
When keyword search was performed using the PEDro, 19 articles were selected, of which 6 were excluded because they were reviews, 9 because they lacked keywords in the title or abstract (mismatch with the research topic), 2 because they had appeared previously on our PubMed search, and 1 was excluded because it was published in 1999. Only one study could be used for analysis (Fig. 1) .
rEsULts
When analyzing the authorship of articles, we found that all studies had multiple authors. 33.3% were written by 4 authors, 20% by 5 authors, 20% by 7 authors, and 13% by 8 authors, with an average 5.1 ± 1.8 authors per article. Country of origin was quite heterogeneous but UK and American journals largely prevailed as sites of publication. These data are shown in Table 1 . The most commonly found protocols for assessment of cardiovascular performance used three instruments which are well known in clinical practice: the six minutes walking test (6MWT -5 studies) ergometry (7 studies) and ergospirometry (8 studies). The articles showed a concern for quantifying not only the cardiorespiratory but also the functional ability of patients and for this purpose they used a series of tests designed to measure different functions, such as the Force Platform (one study), the Berg Balance Scale (4 studies), the Rivermead Mobility Index (3 studies), the French Activities Index (FAI -2 studies), the Fugl-Meyer Sensorimotor Test (1 study), the Get up and Go (GUG -1 study), the Functional Independence Measure (FIM -3 studies), motor assessment scale (1 study), and the Functional Ambulation Category (FAC -2 studies). These data are shown graphically in Fig. 2 .
For a better understanding of the assessment protocols used in the studies analyzed, we chose to divide the results into: 1) Population characteristics (time of stroke, sample, age and gender); 2) Protocols of aerobic training (training duration, weekly frequency, intensity, duration of sessions, type of training); and 3) Main results. Looking at the evaluation protocol, we found that all studies were randomized controlled trials, with one group being selected for aerobic training, and the other as a control group. As to the instruments used for aerobic training, we observed that 60% of studies used cycle ergometer, 33.3% used a treadmill and 6.7% a combination of the two. With regard to control group, 73.3% of studies used the conventional physiotherapy as a therapeutic option, 6.7% used functional training, and 20% had chosen alternative protocols, [10] [11] [12] which are shown in Table 2 .
We also observed that the total duration of the training ranged between 4 weeks and 6 months (6.7% -4 week / 20.1% -6 weeks / 20.1% -8 weeks / 6.7% -10 to 12 weeks / 6.7% -3 months / 6.7% -14 weeks / 20.1% -6 months). Regarding weekly frequency, in 9 studies the subjects underwent 3 x/week training, while in 3 studies subjects underwent 5x/week training. As to exercise intensity, 6 studies used fixed values, 40% (1 study), 60% (4 studies) and 70% (1 study) of maximal HR or VO2 peak. Other studies have chosen progressive load ranging from 50-60% (1 study), Francica Table 2 .
Concerning the main results presented, we observed: improvement in cardiorespiratory capacity (11 studies), walking speed (3 studies), as well as functional improvement (3 studies), increase in balance (2 studies) and in muscle strength (1 study). Only one study did not show any improvement after training proposed. Other benefits demonstrated were related to improved blood flow in the paretic muscles, improvement in hemodynamic and metabolic variables (Table 2) .
DIscUssION
Authorship analysis revealed a tendency towards multiple authorship. This can be explained by the complexity of the studies and their clinical nature, composed of samples involving a large numbers of subjects in both aerobic and conventional treatment. Of note was the heterogeneity of country of origin (at least 1 study by geographic continent), possibly due to the magnitude of chronic sequelae of stroke-associated morbidities, which has crossed borders and generated increasing interest in research involving new therapeutic approaches for the affected population. We also observed a tendency for authors to publish their experiments in American or UK journals, a fact that can be explained by the high impact factor of these journals, since these journals follow a tradition of strict scientific selection criteria, promoting greater visibility to the studies.
In the assessment of cardiorespiratory capacity, we identified three methods most used, the 6MWT, ergometry and ergospirometry. However, we observed that the 5 studies using the 6MWT, occasionally used the results of this evaluation not to prescribe aerobic exercise, but as a parameter to measure the ability to walk, since the maximal HR data obtained from this evaluation was not taken into consideration for training prescription. However, different functional evaluations were used, and related to the specific objectives for each experiment. For example, the Berg Scale was most frequently used to balance evaluation, Rivermead Mobility Index for mobility, GUG for agility, FIM and FAC for functional independence, and Fugl-Meyer to evaluate sensorimotor characteristics.
The main tool used for aerobic exercise training was cycle ergometer, probably because it is generally regarded as safe for a population with critical balance deficits. Moreover, the choice of conventional physical therapy as control therapy is easy to understand, since in many situations it means a continuation of a treatment patients have been undergoing.
We were surprised to observe a mismatch between the periods, as 40.2% of articles reported short workouts (between 6 to 8 weeks) while 20.1% reported much longer ones (6 months). We detected a somewhat regular cycle, whereby once short-term studies have been proposed, then immediately there was an attempt to replicate, or even to overcome, the same effects by using a long-term protocol. Likewise, studies using long-term protocols were followed by short-term protocol studies, and so forth.
According to our data analysis, we observed that 1 month of aerobic training promoted significant improvement in balance. However, aerobic training between 1 and 3 months of duration promoted increase of cardiovascular capacity, walking speed, balance, strength and improved quality of life. Six months of training induced additional benefits, such as improvement in hemodynamic and metabolic parameters. In most studies, subjects underwent a 3x/week frequency of training, probably because this population presented important physical deconditioning, needing a rest period between one session and another for full physical recovery. Regarding the duration of the session, it seems clear that, although many studies have chosen constant intensities (range 30-40 minutes), the majority opted for a progressive increase (range 25-60 minutes). Similarly, we detected a clear disparity among researchers with respect to the intensity of exercises. Six studies used fixed intensity, while in other 7 studies progressive intensities were chosen. One study did not set any intensity for training 11 and another study compared three types of protocol, with 2 of them involving aerobic training, one with high intensity (60-70%) and one with low intensity (40-70%). 13 Both duration and intensity may have been preferentially chosen because they may facilitate the adaptation of the subjects to training, minimizing discomfort and the possibility of withdrawal.
cONcLUsION
In our overall evaluation, aerobic exercise training emerged as a valuable strategy to improve cardiorespiratory capacity, often associated with significant changes in HRmax (Maximal heart rate); HRR (Heart Rate Reserve); HRmax (Maximal heart rate). metabolism in post-stroke patients. The outlook seems to identify very favorable outcomes for both cardiovascular risk reduction and reduced risk of a new ischemic event. Also, the data offered a clearer understanding of the impact on functional variables provided by this training, which may be safely associated with conventional therapy or even as an alternative to it.
Exercise prescription has been hindered by the lack of standardized assessment and aerobic training protocols, which would otherwise help professionals to a fuller informed decision-making in the safe management of poststroke patients. However, the data here presented seems promising, both in terms of improved functional capacity and improved cardiovascular capacity. Further studies are needed to help standardize and expand the therapeutic tools for the treatment this population.
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